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Fire ignition rates in quaking aspen Htnndn are less than 
half those for all other cover types in Colorado. These stands 
do not support rapidly spreading or intense llres due to their 
low burning index and spread component. Crown f Ires drop to 
the ground when they reach quaking aspi'U st.-mds, and prior to 
autumn leaf fall, fire spreads only a short dislam-e into the 
stands. 


Quaking aspen propagation can he enrouraged in the field 
by severing roots from the nmin stem; under suitable tempera- 
ture and light intensity, this stltnulates abundant surker 
formation. Artificially, quaking aspen ran best he propagated 
through the use of root cuttings. 
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ASPEN STANDS AS WILDFIRE FUEL BREAKS 

Jack S. Barrows and Gilbert H. Fechner 


BACKGROUND 


Introduction 


Purpose of the Research 


Quaking aspen ( Populus tremuloides 
Michaux) is the most widely distributed tree 
species in North America, extending over 110 
degrees of longitude from coast to coast, 
over 40 degrees of latitude from within the 
Arctic Circle to the northern tropics of 
Mexico, and from sea level to over 10,000 
feet in elevation. Quaking aspen is a short- 
lived tree, maturing in 50 to 70 years in 
the Lake States and up to 125 years (rarely 
200) in the Rocky Mountains (Stoeckler, 1960; 
Jones, 1967). In the mountainous West, quak- 
ing aspen constitutes an important watershed 
species, covering many acres of critical 
slopes; it is often the first species to 
return to a burned or heavily logged area, 
thus protecting the site until more tolerant, 
permanent species become established. Quak- 
ing aspen is also an important part of west- 
ern forests as it enhances recreational 
values; the yellow, orange, and red autumn 
foliage provides one of Colorado's scenic 
attractions. 

In Colorado, almost one-fourth of the 
commercial forest land, or about 2.0 million 
acres, is aspen type, the second largest in 
the State (Miller and Choate, 1964). Quak- 
ing aspen varies widely in size, quality, and 
vigor, attaining its best development for 
timber in the southwestern part of the State. 


The Problem 

In mountain resort areas and many 
developing mountain communities, the poten- 
tial increase of fire hazards and risks re- 
quires attention to specific measures for 
prevention of damaging forest fires. One of 
these measures may be the installation and 
maintenance of fuel breaks at strategic 
locations. However, fuel breaks need to be 
designed in a manner compatable with a com- 
bination of fire behavior, erosion control 
and aesthetic requirements. Establishment 
of stands of quaking aspen in fuel breaks 
may be a method of meeting these require- 
ments. 


The purpose of this research was to ex- 
amine the feasibility of using natural or 
artificially-established quaking aspen stands 
as fuel breaks in areas of potential popula- 
tion build-up. 


Objectives 

The potential use of quaking aspen stands 
as potential wildfire fuel breaks involves 
two important considerations: (1) the value 
of the species in reducing the occurrence and 
spread of wildfire, and (2) the ability to 
propagate this species successfully, espe- 
cially on non-native sites. Hence, the 
specific objectives of this research were to: 

a. Determine the needed locations, width, 
general configuration and vegetative 
characteristics of fuel breaks in 
mountain forest areas, from a fire, 
erosion control, aesthetic, cost 
and/or maintenance viewpoint. 

b. Determine the probability for util- 
ization of natural stands and propa- 
gation of new stands of quaking aspen 
on the type of sites required for 
effective fuel breaks. 

c. Determine fire ignition, fire spread, 
general fire behavior and fire con- 
trol factors in quaking aspen stands. 

d. Analyze and evaluate the methods for 
the propagation and maintenance of 
quaking aspen stands under the soil, 
topographic and weather conditions 
of typical fuel break sites. 


Site Requirements 

The widespread geographic distribution 
of quaking aspen, extending over much envir- 
onmental diversity, reflects the great 
genetic adaptability as well as unusual eco- 
logical aggressiveness in this species. 


1 


In different parts of its natural range, quak- 
ing aspen endures winter minima as low as 
-78° F (-61° C) in interior Alaska and suinmer 
maxima of over +100“ F (+38° C) near Fort 
Wayne, Indina. The growing season varies 
from 81 to 176 days (Strothmann and Zasada, 
1957). 

Extending from sea level to over 10,000 
feet, quaking aspen in Wyoming reaches its 
lowest altitudes on northerly exposures and 
its upper limits on southerly exposures 
(Reed, 1971). In the Rocky Mountains, the 
lower altitudinal limit of its natural dis- 
tribution coincides roughly with a mean 
annual temperature of 45° F (+7° C) 

(Fowells, 1965). 

Quaking aspen grows on a wide variety of 
soils from rocky soils to heavy clays, but 
its growth and development are strongly 
affected by soil conditions. Best develop- 
ment occurs on porous, loamy and humic soils 
rich in lime. Good sites also are high in 
calcium, magnesium, potassium, and nitrogen, 
but mechanical properties of the soil are 
more highly correlated with growth than 
chemical properties are (Stoeckler, 1960)# 

Moisture conditions are favorable if the 
ground water level is less than 8 feet and 
more than 12 inches from the surface 
(Stoeckler, 1960). Growth on sandy soils is 
often poor due to low moisture levels, and 
it is poor on heavy clay soils due to poor 
drainage and consequent poor aeration. In 
some parts of its natural range, the presence 
of quaking aspen is associated with a sub- 
irrigated soil (Fowells, 1965). 


Root development' of qnakinp, anpen is 
also strongly InflueticcHl by soil, ciiaracter- 
istics. Rooting <lepth in the !,ake States 
is from 39 to 6(1 inches, aliluuigh roots 
occasionally reach 85 iuclue;. In the central 
Rocky Mountains a major limiting factor is 
the rockiness of the stUl, hiiuiiO'ing the 
lateral spread tin* shallow roots and inter- 
fering with their teiuiisicv rise close to 
the surface; this restricts the reproductive 
ability and gt*neral devt* lopnusu of tlils 
species (Fowells, l9bS). 

A unicfue ecoUigical habit iif cpiaking 
aspen places this spet'ies In a highly com- 
petitive position in the plant ctwimuuity, 
Haturnl reproduet lent is primarily by micker- 
ing. Sucki^rs develop from adviuit it ions buds 
formed mostly during the vnrnmt year along 
the s®il !-d iamet er , sisal Itw, lateral rmnin. 
These do not branch appreciably, and 

they extend as much as HP feet, fiauis the 
parent trei* m‘ cl one. ihe ?atckerii gnw rap- 
idly, and giannid t'over Its spiickly prinluced 
(Barry and Haelis, 1968; iHwells, 1965; Sand- 
berg and Schneider, 

The great variaiitui otiserved witliln this 
species in morphologv, phriH^higv, and autumn 
leaf eoloraitlon (dinitui, 19li/| aiul growth l« 
displayed In clonal di 1 1 ei tniren. Strain (1964) 
found ritmets of one clone lo average 11 feet 
in height, while iliose of another clone less 
than one mile away were 69 feet tall. He 
ijtluo found cloned lo vary In bark reflectivity. 
Lciifing-out m*iy vaiy by tmt h» three woks in 
nearhy niamls (Bakei, l9iU, flie early-leaf- 
ing treen, which a I mo turn rtiliir ear Ur r in 
full, dominaie ai iipfier ami itiiddle altitudes 
in Utah (Horgiitu 
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PROPAGATION OF QUAKING ASPEN 


Introduction 

Until recently, quaking aspen was con- 
sidered to be a weed species in American 
forestry. Little thought was given to its 
natural management; little thought was given 
to its propagation for artificial establish- 
ment. However, with an increased consump- 
tion of paper and paper products and a cor- 
responding decrease in the availability of 
other suitable species, and due to its re- 
latively rapid growth rate, more and more 
attention has been focused on the management 
of quaking aspen as a source of pulpwood 
supply. In fact, in 1953, quaking aspen was 
the principal pulpwood species produced in 
the Lake States, accounting for nearly 940,000 
cords in that area (Horn, 1954). Furthermore, 
this species has become increasingly important 
as an ornamental tree. Hence, considerable 
research effort has been expended toward its 
genetic improvement and toward its propaga- 
tion, both vegetatively and by seeds. 

Quaking aspen belongs to the section 
Leuce Duby, one of five in the genus Populus 
L. (family Sallcaceae Lindl.) Other members 
of this section include bigtooth aspen 
( Populus grandldentata Michx.) , European 
white poplar ( Populus alba L.), European aspen 
( Populus tremula L.), as well as a number of 
other species native to Europe and Asia 
(Rehder, 1940). A certain degree of similar- 
ity is accorded the members of this section 
in morphological, physiological and silvical 
characteristics. Thus, although this paper 
is intended to deal primarily with the propa- 
gation of quaking aspen ( Populus tremuloides 
Michx.) and its several varieties and forms, 
certain information will necessarily be drawn 
from other members of the section Leuce Duby. 

Propagation by Seeds 
Floral morphology 

The flowers of quaking aspen develop from 
large axillary buds just below the terminal 
bud. Most commonly, they occur in the upper 
portion of the crown and on fully exposed 
branches in the lower portion of the crown 
(Einspahr, 1960; .Lester, 1963). The flowers 
appear as drooping aments (catkins) , in 
advance of the leaves, a relatively common 
feature among wind- pollinated angiosperms. 


They normally appear in April or May although 
at high altitudes in the Rocky Mountains, 
they may not appear until June. Air temper- 
ature seems to be the principal factor af- 
fecting the time of flowering and the duration 
of the flowering period. A daily mean maximum 
temperature exceeding 54° F (12° C) for about 
six days appears to be necessary to initiate 
the flowering of quaking aspen in spring 
(Moss, 1960). 

The individual flowers in the aments of 
both sexes are solitary, inserted on a cup- 
like disk and subtended by a pubescent, 
deeply-divided bract. The number of flowers 
in the pistillate catkin ranges from 90 to 
100, each pistillate flower borne on a pedicel 
upon which the bract is also borne (Nagaraj , 
1952). The pedicel, short at the time that 
the ovule is initiated, later elongates to 
about 2 mm and becomes rather conspicuous in 
the mature flowers (Fechner, 1972). When 
the stigmas are receptive, this disk surrounds 
slightly more than the lower one-half of the 
gynoecium (fig. 1), although in later develop- 
ment the disk is insignificant (Fechner, 

1972). The ovary is always two- carpe Hate, 
althoxigh this feature varies in other species 
of the genus Populus L. Flowers in the stam- 
inate catkins range in number from about 80 
to 100 or more (Nagaraj, 1952), each contain- 
ing from 6 to 12 stamens. 



Figure 1. — Unpollinated pistillate flowers of 
quaking aspen at receptivity, showing rela- 
tion of cup-like disc (d) and bract (b) to 
gynoecium (after Fechner, 1972). 
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At the time o£ pollination, the pistils 
are about 2 mm long, and they approximately 
triple in length as they mature. The nair- 
tufted seeds are then about 1.2 mm in length 
(Fechner, 1972). 


Mlcrogametogenesis - Staminate catkins ol 
quaking aspen arise as buds during early 
mer. The young stamens soon become four-lobec 
each lobe representing a microsporangium. 

The primary sporogenous cells within the 
microsporangia undergo several successive 
mitotic divisions, forming a group of micro- 
spore mother cells, 4 to 16 in any one micro- 
scopic cross-section (Nagaraj , 1952) . As is 
true for other species of Populus L., as well 
as for many other genera and families, the 
staminate catkins overwinter in the spore 
mother cell stage (Smith, 1943). 

The following spring, the microspore 
mother cells undergo meiosis rapidly , im- 
mature pollen grains developing within 24 to 
36 hours after the first meiotic division 
takes place. Instigation of the meiotic 
division is usually correlated with the 
development of anthocyanin in the anthers 
(Smith, 1943). 


The resulting four microspores of the 
tetrad are usually tetrahedral in arrangement. 
However, cell wall formation takes place by 
a furrowing process, which is easily upset 
and may result in the formation of dyads 
instead of tetrads. If cell walls fall to 
form between the two meiotic divisions, the 
dyads will then be binucleate. Also, occa- 
sionally, three or five microspores result 
from meiosis of a single microspore mother 
cell, instead of the usual four (Smith, 1943), 
presumably also due to an upset of cytokinesis. 
There is some question as to the fertility «>f 
these microspores, however, Ordinarily, 
within each microspore, the nucleus divides to 
form a generative nucleus and a tube nucleus, 
the pollen being shed in this condition 
(Nagaraj , 1952) . 

Megagame togenes is - Pistillate catkins 
arise in buds toward the end of the summer. 

In the Chicago, Illinois area, the ovaries 
show no trace of ovules yet in August, but 
ovules are conspicuous in October (Nagaraj , 
1952). Initiation of the gynoecium can be 
detected, however, as early as the end of 
June (Lester, 1963). The primary sporogenous 
cell in the ovule enlarges considerably to 
become the megaspore mother cell. The first 
division of the megaspore mother cell pro- 
duces a dyad, following which both members of 
the dyad divide again to form the tetrad, 
usually linear in arrsngment (Nagaraj, 1952), 


Immediately fiU lowing totrad formation, 
the three mtcropylar meganporca begin to 
degenerate, while ttu‘ tdialar.al nu^gaspore en- 
larges (Nagaraj, 1952). i'hu;;, female game- 

tophyte development in mononpor ie ; and it is 
of the Pojjj 5 'mum type, eomimni auKutg anglo- 
sperms.'"” degenerating nieganponns persist 
until the functional one has divided once, 
but they dl.sappear dtudny. t ln» 2-uuclc‘ate 
stage; the condition of iho garnet ophyte, when 
the pistil i.s riH'ept ivt‘ (fig. 1) at pollina- 
tion (FecluuT, 1972). Hu* earlv 4-nucleate 
gametophyte Is still (‘nchuied in tlie lUicellus, 
but before the thiinl divlHiou oceurH (between 
the 4-nucleiue and H«inicleate nlages), the 
gametophyte elimgalinn rapUily. It penetrates 
the mlcropylar end of the nuceUun and pro- 
jects into the micropyle Itself. Tills pene- 
tration apparent ly taken place by digestion 
of nuceltar t isHue by the gaineiophyt t*. Organ- 
issatlon of the ewt^rvo sac taken place rapidly 
after the b-nnrleate stage has arrived 
(Nagariij, I9b2; Fechner, 19/2). 

In the early hfages of' development, the 
nucellus tissue incieaHeH In sl'/.e very rapidly, 
font later it api'iiirentiy tierves as nutritive 
material for the developing embryo site (fig. 

2 ). 



Fit|yrr 2 , * **Avrif *i«|r hsitjifi tif t oftipofien I. s of 
unferi I I i/isf ipiat iriri aspefi ovule**, ynpol* 

\ Inal ed and at li I f t r t rin t i s toll ciw i mi 
arlifictai imiI I itial Ion in the talsoraiory. 

FtrjJ lull anti weiwt ileve|o|WeiU. - 
The ptotwm of fen I i liai Ion regular. 

Prior to mtr Alice of the pollen tube, the 
polar nwcl#! fiiie c© for® a 2ti fusion iwcleus. 
Th« poll #11 tube eiiim the mtcropylei and 
doulil# fort lliMtitiit lakcM plans Abotd tli« 
tim of mtrmm of the pollen tube, the 
•yntrildi fortalc ««ii •liiirtlf «ft«r 
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fertilization, the antipodals also disappear 
(Nagaraj , 1952) . In the laboratory (25® C) , 
fertilization occurs within 3 to 5 days 
after pollination (Fechner, 1972); it occurs 
in 10 to 12 days after pollination in the 
field (Fechner, 1975). 

Very rapid development occurs in ovules 
following fertilization. The developing 
seeds reach about 1 mm, or about three to 
four times the length of unfertilized ovules, 
168 hours after pollination in the laboratory 
(Fechner, 1972). By this time the early 
globular embryo is visible in the micropylar 
region surrounded by free-nuclear endosperm 
(fig. 3). Unfertilized ovules within ovaries 
containing one or more fertilized ovules 
develop normally for one week after pollina- 
tion in the laboratory and in the field, 
reaching the mature embryo sac stage, but 
they degenerate soon thereafter. 



Figure 3* — Early embryo and free-nuclear endo- 
sperm, 168 hours after pollination (820 X). 


About the time that the ovules reach 
their mature size, hair cells develop. These 
hair cells originate on all sides of the sur- 
face cells of the funiculi regardless of 
whether the ovule is fertilized (Fechner, 1972, 
1975). These hair cells develop into the 
tufts of silky hairs (coma) by which the pear- 
shaped seeds are air-borne when released from 
the capsules. Since the hairs are not an out- 
growth of the seed coat, they are not truly 
seed hairs (Maini, 1968a) . 

Under laboratory conditions, viable seeds 
are produced in about two weeks (Fechner, 

1972) , although four to six weeks are normally 
required in the field (Fowells, 1965). The 
mature seeds are slightly over 1 mm in length. 


This maturity is reached when the new leaves 
are about 2 cm in diameter. Seed dispersal 
reaches 400 to 500 meters (Stoeckler, 1969). 

Flowering age in quaking aspen is usually 
about 8 to 10 years (Stoeckler, 1960); the 
author has observed a female tree of sucker 
origin to flower at four years. Flower and 
seed production may be very high. A single 
23-year-old, 33-foot tall individual, located 
about 60 miles north of Toronto, Ontario bore 
approximately 900 productive shoots, 2200 
catkins, 170,000 capsules, and 1,625,000 seeds 
(Maini, 1968a) . 

Sex ratio - In most dioecious organisms, 
males and females occur in approximately equal 
proportions in the population. This is predi- 
cated on the idea that sex is gametically 
controlled, that the gametes and subsequent 
zygotes are equally viable, and that no selec- 
tion or other pressure is operating against 
either sex. Thus, it is not surprising that 
considerable interest should be displayed in 
the ratio of the sexes in aspen and in the 
sex determination mechanism. 

At a very early date. Baker (1918) 
observed that in the Rocky Mountains, pis- 
tillate trees of quaking aspen occupied only 
a small portion of the aspen type, but no counts 
of trees of the two sexes were made at this 
time. Pauley (1948) found that of 76 clones 
of a number of different species of Populus , 
including quaking aspen, 23.7 percent were 
female, and in another study, conducted on a 
seedling population in northern Minnesota, 
it was found that 28.2 percent of the quaking 
aspen trees studied were female or predomi- 
antly female (Pauley and Mennel, 1957). Thus, 
an approximate 3:1 ratio could be inferred 
from these data. However, Einspahr (1960b) 
found that among 91 quaking aspen trees ex- 
amined, the proportion of males to females 
did not differ significantly from a 1:1 ratio. 

Pauley (1948) indicated that the 76 
clones of Populus referred to above were 
selected on the basis of good form and vigor, 
and he suggested that perhaps there is an 
association between sex and such character- 
istics, and that vigor may operate as a se- 
lective force in favor of males. Einspahr 
(1960b) was unable, however, to associate any 
characteristics that he studied with either 
of the sexes in quaking aspen, although vigor 
per se was not one of these characteristics. 
Blake, et al. (1960) correlated extracts from 
mature leaf buds from 20 quaking aspen trees 
with the sex of the tree from which the buds 
were taken, using descending paper chromato- 
graphic techniques. However, in another pop- 
ulation of 200 trees this work could not be 
duplicated (Blake, et al., 1967). 
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Hermaphroditism - The entire question of 
sex in aspen is complicated by the fact that 
the dioecious nature of the species is not a 
consistent one; hermaphroditism has been 
regularly observed. Hermaphroditism refers 
to the presence of both sexes in one indi- 
vidual, in different ways: (1) male and 
female flowers borne separately on a single 
tree (monoecism) , (2) male and female flowers 
separate but on the same catkin (bisexual 
catkin) , and (3) male and female parts in the 
same flower (perfect flower) of a catkin. 
Apparently all types occur in quaking aspen 
and related species (Schlenker, 1953; Einspahr, 
1960a). Sometimes the distribution of the 
unisexual and bisexual flowers varies markedly 
among branches of a single tree (Mainl and 
Coupland, 1964; Stettler, 1966). Erlanson 
and Hermann (1927) found variation within a 
catkin from all male flowers (1 percent of the 
catkins examined) to all female flowers (17 
percent) . The remaining catkins examined 
contained some flowers of each sex. 

Schlenker (1953) prepared the following 
classification of aspen trees, with respect 
to their sex, based on his studies with 
Populus alba L. , Populus tremula L. , and 
Populus tremuloldes MichxTl flj pure females; 

(2) predominantly female, slight androgynlam; 

(3) pure males; (4) predominantly male, 
slight androgynism; (5) strongly developed 
androgynism. 

Erlanson and Hermann (1927) found that 
male and female organs in perfect quaking 
aspen flowers developed normally. The stamens 
were typically attached to the inner walls of 
the cup-like disk, and there were no anthers 
on stigmas nor anthers on carpels* The sanae 
authors found that the number of stamens in 
these perfect flowers was about 1/4 that in 
flowers on normal male trees. However, Seita 
(1953) also found that the gynoecia develop 
normally in hermaphrodite flowers of European 
aspen, as they do in the female of dioecious 
trees . 

Schlenker (1953) noted that the result of 
a cross between a European aspen (Populus trem- 
u]^ L.) female and a European white poplar’" lfop» 
yielded predominantly ftmltlt 
progeny. Bpt the reciprocal cross produced 
either 3/4 pure male and 1/4 female or predom- 
inantly female progeny^ suggesting, perhaps, 
some type of dominance of aspen over poplar* 

Pauley and Mennel (1957) showed that 
about 5 percent of the male or predcminantly 
male trees of quaking aspen studied had bi- 
sexual flowers, while about 20 percent of the 
female or predominantly female trees had bi- 
sexual flowers. Santamour (1956) found that 
of 3©0 female trees examined, a3joost 50 per- 
cent bore some male flowers. But he felt 


that this figurt" wm vmiHvrvat lsn\ because 
he sampled only 10 catkins per tree, and in 
many cases, only one catkin of the 10 con- 
tained bisexual flowers. It is conceivable 
that all aspen trees have both male and female 
potentialities. 

Pollen obtained from hermaphrodite trees 
by Erlanson and Hermann (1927) averaged about 
30 percent larger in diameter ttian that from 
normal quaking aspen, litul Settr. (1951) felt 
that the occurrence of tmlimrleiir gone« and 
single gones containing two to four nuclei 
may have explained the greater variability 
in diameter of iwlten from European aspen 
hermaphrodites compared to that from normal 
trees. Pollen slxti lui» tun been adequately 
explained. 

Erlanson and Hermann (1927) found that 
pollen obtained from IwrmnphriHlite flowers 
was effective in i Uxiit Ion, but it 

was ineffective In fort III?, iiig norituil female 
quaking aspen {P5^JpnlM» Michx.)* 

This is Indeed puKsling. The needs obtained 
from «elf-fert il ixrd pliintei produced seed- 
linga, but it i» not ksttmi what awrvival was 
obtained* 

liow«v«r» Suit I (19511) found that in Eur- 
opean hermaphroditti, mm^ pollen mother cells, 
did not develop beyond «arly prophaat, b«- 
mu.m iynapiii failed to occur. Hort com- 
»nly, however, d«v«lcip#di as did 

ptntadi and hexada* lit further found that 
in s«lf-f«rtlil«ation, irregularity occurred, 
th# pollen tub«ji often not reaching the ovule* 
H® did not report obtaining snedlings.* 

Sex d®f rmination - §f tli« ««v«ral stx- 
eonfcrolllng known In nttur® only 

m% has b««a In fhii is 

the I-Y »eeli«ilii», In wlilrli oriii uf t:l» siixti 
containi i htttromorpliic p«,lr of chroTOioati 
(I mi ¥), on® of idilch it conslitred to bt 
thi MX Tliui, with distribution 

of th« mmbm§ of tlili p.tlr to <>ppo«it® pelts 
at a®,lo»li I, gawitti liavt eitlitr th« I or 
the f chromotem®, and iubaiqiisiiit iygot«s have 
tithtr the pair or the »m 

chr^oiio«0»t in diiplicati, .and thm Brnm will 
occur in t Is I proportion. 

Working with Popiilui irwul^a L. # iltck- 
%uxn mi liar risen "ttoticeC both 

diviiioni of a iingl® clirfwogomt, 

which was «qu«| to or larger than the volume 
of any other two* This thmmwum w«« ex- 
pound in itructur® mi appeared feiir-lobed. 

The invattigatofa took ttil« «• •vM«c« that 
het®ro€.hr«e»o»ii, gxiat la ipiclta 
that th«y possibly were nm cliro»fo»i«* 
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Erlanson and Hermann (1927) also felt 
that they found eighteen pairs of autosomes 
and an unequal sex pair at metaphase I in the 
pollen mother cells of Populus tremuloides 
Michx. Thus, they apparently felt that if 
sex were determined by the X-Y mechanism, the 
male sex would have the heteromophic pair. 

Later workers (Peto, 1938; Johnsson, 1940), 
however, have been unable to verify heter- 
omorphic chromosome pairs in the aspens. 

And attempts to correlate morphological 
features with the sex of the tree have not 
proved fruitful. Thus, at present, the 
mechanism of sex determination in quaking 
aspen is not known. 

Factors Influencing Flower Development 

Little is known about the external 
factors affecting flowering and fruiting in 
quaking aspen, as in many other forest tree 
species, due in part to the large size of 
sexually mature individuals. This size pre- 
cludes their study under closely controlled 
conditions, such as may be obtained in 
greenhouses and growth chambers. However, 
some effects of external factors on the 
flowering of quaking aspen can be speculated 
from impressions gained through indirect 
observations. 

Temperature - Seitz (1958) collected 
twigs of a male European aspen weekly from 
August to December. Some twigs of each 
collection were placed in cold storage before 
being forced in the greenhouse. Control 
twigs of each collection were placed in the 
greenhouse without prior cold treatment. 

Results were variable. Whereas, twigs col- 
lected in August and subjected to +4 degrees 
Centigrade in the dark produced pollen, the 
controls of the same collection produced 
none* But twigs collected in October and sub- 
jected to +4® C produced no more pollen than 
did the control twigs. 

Male and female branches of quaking 
aspen trees in Saskatchewan, which were 
brought indoors in mid-January and maintained 
at room temperature, flowered in 10 days 
(Maini, 1968a) . In our own experience with 
quaking aspen in Colorado, branches collected 
in February, 1975, produced 100 percent aborted 
pollen grains* In later collections, pollen 
was readily forced in the laboratory. The 
date after which forced pollen was readily 
obtained varied with the altitude of the donor 
tree, but it was usually associated with the 
extension of the catkin bracts through the 
tips of the bud scales by about 3 to 4 mm. 
Artificial pollination In the laboratory of 
forced female and male quaking aspen col- 
lected just before anthesis has been reported 
(Einspahr, 1969; Fechner, 1972). 


Hence, it would appear that some variable 
period of low temperature is required to in- 
duce flower development of quaking aspen 
after the flower buds arise in the summer. 

In other words, dormancy is not broken until 
the low temperature period has been effective 
in bringing about such changes as permit 
resumption of development. But no inform- 
ation is available on the effect of temper- 
ature on the stimulation or induction of 
floral bud formation in early summer. 

Pauley and Perry (1954) felt that break 
of dormancy of black cottonwood ( Populus 
trichocarpa Torr. & Gray) in spring was also 
controlled mainly by temperature, although 
they observed only vegetative growth. How- 
ever, it has become common practice among 
investigators to retard or speed up the 
development of flowers on twigs under lab- 
oratory conditions by controlling temper- 
ature, in order to have male and female 
flowers developed at the same time for arti- 
ficial crossing purposes. The exact role 
played by spring temperature in the develop- 
ment of quaking aspen flowers is not known. 


Chemical treatment - Larsen (1958) 
found that 1/4 percent and 1 percent con- 
centrations of gibberellic acid by weight 
in lanolin stimulated flower development of 
Populus tremuloides Michx. and Populus 
grandidentata Michx. Application was to 
terminal wounds of twigs which had been 
placed in water in the greenhouse. Treated 
cuttings broke dormancy several days before 
the controls and they attained about three 
times the length of the controls. Pollen 
shedding time, however, was not affected by 
the treatment. 

Physical treatment - A relatively few 
studies have been designed to promote the 
development of flowering buds on aspen. Such 
studies have necessarily been conducted on 
trees in an outdoor environment. Einspahr 
(1960b) has obtained some success by girdling 
Populus tremuloides Michx. trees in Wisconsin 
and Michigan, but no quantitative figures 
have been seen which would indicate the degree 
of stimulation that he obtained. 

In this connection, Heimburger (1951) 
grafted root sucker scions of European aspen 
of a Polish source into the crown of a dwarf 
variety of Populus tremuloides Michx. occa- 
sionally found in southeastern Canada. During 
the first year, the grafted portion produced 
juvenile, sucker-like growth. However, In 
the second year, this scion material developed 
adult- like foliage, and flower buds formed 
in the axils of some leaves. 
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Production of Seedlings 


5. Susceptibility to fungi. 


Large quantities of seed are produced 
about every 4 or 5 years (Strothman and 
Zasada, 1957), and the germinability is high, 
though normally of short duration — usually 
2 to 4 weeks in nature. Strain (1964) ob- 
tained 95 percent germination with 38 hours 
from seeds that had been stored for 115 days 
at 40® F (4.4° C) and Morgan (1969) obtained 
79 percent germination after 1-1/2 years of 
storage at about the same temperature 
(3.3° C) . The seeds are not dormant and ger- 
mination occurs in one or two days on a moist 
seed bed, at any temperature between 32° and 
95° F. although Morgan (1969) obtained poor 
results at 2.2 to 3.9° C. Germination does 
not depend on light (Fowells, 1965). 

The primary root of a young quaking 
aspen seedling grows very slowly for several 
days, and during this critical period the 
plant depends on a brush of long, delicate 
hairs to perform the absorptive function, 
attaching to the uppermost soil particles, 
leaves, or decaying vegetable matter (Barnes, 
1966). These hairs, first described by 
Yanchevsky in 1904 according to Moss (1938), 
arise from the junction of the root and the 
hypocotyl, and although they provide a large 
absorbing area, they are effective only if 
the surface is moist; drying of the upper- 
most soil or litter layer soon causes death 
of the seedling. Occasional natural quaking 
aspen seedlings are found and their verifi- 
cation is reported (Ellison, 1943; Strain, 
1964; Jones, 1974b). Seedlings may eventually 
reach a height of 12 inches or more during 
this first year and develop an 8- to 10- 
inch taproot. During the second and third 
years, widespreading lateral roots are 
developed. Yet, although quaking aspen seed- 
lings are occasionally reported, their 
establishment in nature is rare. 

The paucity of quaking aspen seedlings 
in nature is attributed to one or more of 
several factors (Maini, 1968a): 

1. Short seed viability, 

2. Presence of a water-soluble germin- 
ation and growth inhibitor in the 
’’seed hair" (coma). 

3. Unfavorable moisture conditions dur- 
ing seed dispersal on upland sites 
that aspen usually inhabits. 

4. Susceptibility of seedlings to high 
temperatures that occur at the soil 
surface, especially if blackened by 
fire. 


6. Unfavorable c!iemlcal nature of some 
substrates. 

What may be a typical pattern of quaking 
aspen seedling perforimmce :in tlw field is 
documented by Strain (1964). A total of 52 
seedlings were found on moist mineral soil in 
east-central California and marked on July 7. 
At this time the tipper 1/2- inch (1 cm) of 
soil contained 26. B percent: moistures. Nine 
days later, the soil moisture content had 
dropped to 3.4 percent, and only three wilted 
seedlings remained; all were dead by July 23. 
In another locality, Strain found two of nine 
original seed lings to persist about two 
months, but they too died by early October. 

Quaking aspc^n seedlings are produced in 
contmerclal quantities in Wisconsin. Best 
results are obtained if the seedbed is never 
allowed to dry, yet is never puddled during 
the first two weeks foilwing needing and if 
the seedbeds are fumigated In spring before 
seeding with Methyl bromide and treated with 
the fungicide captan regularly through July 
to control damping-off (Eenaon and Dubey, 
1972). 

Vegetativ e F ropagii t ion 
Sucker ing In Natural Stiinds 

In addition to occasional seed lings, 
quaking aspen regenerates infrequently by 
root collar sprouts and less often by stump 
sprouts on young quaking mpmi up to sapling 
size. However, most natural regeneration in 
quaking aspen occurs as root suckers* For 
example, when a five- year-old quaking aspen 
stand was slashed, the stand regenerated 
vegttatively: ^ percent stump sprouts; 12 
percent collar sprouts; 82 percent MurkerH 
(Maini, 1968a). And this suckering char- 
acteristic is go common that Che clone, 
rather then the individual tree, i« the unit 
of study and the unit of genetic diversity. 
Clones vary greatly In siise* In Michigan, 
clone sliie is apparently iiwtrsoly propor- 
tional to the number of setdlinga that become 
established, averaging less than 1/10 acre 
(Barnes, 1966), whereas the Canadian Forestry 
Service (1974) has reported that clones may 
spread as large at three or four acres* 

Quaking aspen has a very shallow, 
widely-spreading root systea* Four or five 
strongly-developed lateral roots originate 
at the root collar, taper rapidly, and branch 
within less than one meter* Cord-like branch 
roots radiate outward parallel to minor con- 
tours of the surface of the soil (Sandberg 
and Schneider, 1953) or even a stump substrate 
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(Jones, 1974a). Anchorage is provided by a 
few vertically penetrating roots, originating 
at the base of the tree and by "sinkers" 
arising from the lateral root system (Maini, 
1968a). These cord-like lateral roots, often 
less than two centimeters thick, extend for 
varying distances with little taper; they may 
reach to 80 feet (24 meters) from the parent 
tree or clone. The majority of the roots are 
found in the top four feet (1.2m) of soil, 
although some sinker roots may reach 114 
inches (2.8 m) in sandy loam and 50 inches 
(1.2 m) in clay (Sandberg and Schneider, 

1953; Gifford, 1966; Barry and Sachs, 1968; 
Maini, 1968a). 

Within clones, the pattern of the root 
system is variable. Gifford (1966), tracing 
parent trees (ortets) and their ramets with 
translocated dye, found that some ramets had 
no root development whatsoever other than the 
parent root from which they originated, and 
some had only a single vertical or lateral 
root developed. In other instances, ramets 
form their own root systems rapidly, and 
death of ramets and decay of root connec- 
tions may thus result in the formation of 
several independent root systems within the 
same clone (Barnes, 1966). 

The root suckers are produced from buds 
on the shallow roots, usually on those within 
2 to 12 inches of the surface (Gifford, 1966). 
Sandberg and Schneider (1953) found 60 percent 
of them originating within one inch of the 
surface in humus or mineral soil, and small 
increases in depth inhibited sucker ing. A 
marked thickening of the parent root usually 
takes place on the distal side of the sucker, 
suggesting that food material produced in the 
sucker is translocated toward the growing tip 
of the root (Strothmann and Zasada 1957). 

Morphogenesis of suckers/ 

-Root suckers develop from adventitious 
buds^' arising in the root phellogen (cork 
cambium) . In quaking aspen the phellogen 
orgiinates in the pericyle (Brown, 1935). 
Initially, there is a small nidus of meris- 
tematic cells just within the cork; eventually, 
vascular connection with the conducting system 
of the root is made (fig. 4). 

Sandberg and Schneider (1953) observed 
that although suckers could arise from sup- 
pressed buds, 95 percent of successful suckers 


if Mventitious buds are those produced in 
parenchyma tissue not directly associated 
with apical meristems and the places not 
dictated by their normal phyllotactic patterns 
(Zimmermann and Brown, 1971) . 



Figure 4. --■Advent i 1 1 ous sucker bud. Vascular 
connection between the bud and the root. 

(P.S. = procambial strand; V.P. = vascular 
peg; R.C. = root cambi urn. ) (After Brown, 1935.) 

originated from buds initiated during the 
current year. Furthermore, the suckers from 
the new buds were more vigorous than the others. 
Suppressed buds are previously-formed buds 
embedded in the periderm or outer bark. The 
periderm consists of the phellogen or cork 
cambium, the phellem or exterior layers, and 
the phelloderm or cortical parench 5 rma. These 
suppressed buds are active during much of the 
growing season, in laying down new primordia 
and in keeping pace with the radially- exp end- 
ing cambium (Zimmerman and Brown, 1971). It 
is now believed that suckers do not originate 
from suppressed buds in the periderm; rather 
they originate from pre-existing or currently- 
initiated shoot primordia. 

Primordia on quaking aspen can best be 
observed if the phellem is peeled from the 
root. The most immature primordia macro- 
scopically visible look like ellipsoidal 
masses of cells. At their most advanced stage 
of development pre-existing primordia form 
a rounded mound of relatively high tissue 
organization (Schier, 1973a). It is possible 
that pre-existing primordia on roots may be 
indeterminate until physiological conditions 
dictate whether they should be shoots or roots 
(Schier, 1973a). Adventitious shoot (sucker) 
development thus consists of two phases: 
development of a meristem, and shoot outgrowth 
(Schier, 1973a). 

Factors Affecting Sucker Production 

Apical dominance - Sandberg and Schneider 
(1953) observed that although several suckers 
often arise in a short distance of root, one 
soon dominates the others. To test the im- 
plications of this observation. Farmer (1962) 
severed all lateral roots from 1 to 2 feet 
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(0.3 to 0.6 m) from the parent tree. This 
root pruning stimulated sucker ing from the 
detached roots, whereas root segments still 
attached to the main stem produced no suckers. 
These results are considered as evidence that 
apical dominance is a factor in controlling 
suckering. Furthermore, removal of apical 
buds of suckers from root cuttings has also 
been found to increase the number of subsequent 
suckers produced. Stoppage of shoot growth 
by short-day treatment had a similar stim- 
ulating effect in inducing abundant suckering. 
These treatments produced a corresponding 
decrease in the auxin content in the roots 
(Eliasson, 1971c: Schier, 1972). 


scarification, and cutting all stimulated 
quaking aspen suckering. The response was 
greater on cut than uncut plots and greater 
for moderate than for liglit treatments. The 
treatments also produced increased surface 
soil temperature. From this and later study 
the authors felt that the principal effect of 
cutting practices on increasing suckering 
was that of Influencing the increased solar 
radiation and temperature on the forest floor. 
Strothmann and Kasada (1957) reported 1980 
suckers per acre following cutting of a 43- 
year-old stand to a 10-tncli diameter limit, 
2115 to a 9-ineh diameter limit, 4500 to an 
8- inch limit and 6830 on a clearcut. 


Auxins - Auxins (hormones) , such as lAA 
(indoleacetic acid) are bud inhibiting 
(Zimmerman and Brown, 1971). Girdling of the 
stem by removing a band of bark, or cutting 
into the stem to sever the phloem and cam- 
bium usually releases suppressed buds (or 
pre-existing or currently -initiated shoot 
primordia) from inhibition below the girdle 
or wound. This response is usually accepted 
as evidence that the inhibition has been 
removed by blocking the downward movement of 
auxin. Farmer (1962) inhibited sucker for- 
mation with an lAA lanolin paste on intact 
root systems of 1-year-old quaking aspen. 
Schier (1973b) derived extracts from quaking 
aspen roots at different times of the year, 
from shortly after bud burst in May until 
2-1/2 weeks after leaf fall in October. He 
found that auxin was highest in June and 
sucker development declined then. Further- 
more, Schier attributed 72 percent of the 
variation in sucker numbers to auxin content. 
Eliasson (1971b) had found similar patterns 
in European aspen. The capacity to form 
suckers was low, and the auxin level was 
hgihest, during the period of shoot growth, 
showing that suckering in roots of intact 
aspen plants is prevented by auxin trans- 
ported into the roots from growing shoot 
parts. These results seem to substantiate 
the field observations of Barry and Sachs 
(1968) , who reported maximum sucker production 
in late spring and early summer, as the snow 
thaws, in the Lake States, presumably before 
active translocation of auxin. Eliasson (1969) 
had previously found that high levels of auxin 
in European aspen stem tissue corresponded 
with growth inhibition of Avena in bioassay. 


Temperature - One year following cutting, 
Shirley (1931, 1932) found a aharp Increase 
in the number of suckers on clearcut versus 
partially-cut or uncut plots. He also found 
that burned clearcut plots had 30 percent 
more suckers than unburned plots. He attri- 
buted this difference to the increase in 
heat absorption of the blackened surface. 

Mainl and Horton (1966a) found that burning 


Light inten sity — Sandberg and Schneider 
(1953) found no dlffercinec In suckering in 
full light, 50 percent, 25 percent, .and no 
direct light on the soil surface in green- 
house tests. Wlien sucker formation from root 
sections was compared in the light and in the 
dark, no difference in numbers was found 
(Eliasson, 1971a), but the inhibitor fraction 
(RF 0.4-0. 7) was 10 times more active in the 
light-grown than in the dark-grown shoots. 
However, quaking aspen is very intolerant, 
and a reduction in light intensity affects 
very early growth and development of the 
young suckers. Those stems that fall below 
the general level of the crown stop growing 
and die within « year or two; In one study, 
1/8 as many stems remained after seven years 
as after two years following cutting (Stroth- 
mann and Zasada, 1957). 

Ifagjoggriod - No studies have been seen 
in which photoperiod has been related to the 
production of suckers nor where Its manipula- 
tion has been attempted for the control of 
sucker initiation. Yet, it Is known tliat the 
photoperiodlc response mechanism Involves the 
production and translocation of one or more 
growth hormones (Kramer and Kozlowskl, 1960). 
Long days, for example, are associated with 
high auxin levels in some tree species, while 
short days favor lower levels of the hormone. 

Developing buds and mature leaves have 
been shown to be the organs sensitive to the 
day length stimulus as well as the sites of 
^xln synthesis (Kramer, and Koxlowskl 1960). 

The induction of cambiai growth by hormones 
produced in expanding bud» in the spring is 
often cited as an example of hormone control 
of growth (Kozlowski, 1971a; 1971b; Ferry, 


Suckering in quaking aspen is also known 
to be related to auxin level, and sucker pro- 
duction has been shown to be correlated with 
the seasonal levels of auxin (Eliasson, 1971c; 
Schier, 1972, 1973b) * Furthermore, the genus 
Populus is known to exhibit genetic variation 
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in response to the photoperiodic stimulus: 
quaking aspen of a Saskatchewan source was 
rendered dormant by short day treatment 
(Pauley and Perry, 1954; Vaartaja, 1960). An 
important area of research, therefore, seems 
to be that of controlling photoperiod in an 
attempt to control sucker production through 
auxin manipulation. 

Carbohydrates - In Utah and Alaska, the 
seasonal trend in total nonstructured carbo- 
hydrates was low during spring and early sum- 
mer, increased rapidly in July, peaked around 
September and then decreased during autumn. 
Sucker numbers were not correlated with T.N.C. 
(Schier and Zasada, 1973). However, Stroth- 
mann and Zasada (1957) had reported that if 
all new suckers are destroyed by cutting or 
heavy grazing for three successive seasons, 
suckering usually ceases. 

Age - The suckers of quaking aspen borne 
on the young, distal portions of the root 
system are the most recently formed, and they 
ordinarily become progressively older as the 
older parts of the root are approached toward 
the parent tree, but sometimes young suckers 
are found right next to older ones (Brown, 
1935). 

Fire - When a quaking aspen stand, or a 
conifer stand containing considerable aspen 
is severely burned, sucker density after the 
first full growing season may be tens of thou- 
sands per acre (Jones, 1974b), Repeated fire 
also increases the number of aspen sprouts, 
although the sprouts are less vigorous than 
those following initial burning (Perala, 1974). 
Most authors consider the effect of fire on 
increased sucker production as an indirect 
one, the fire affecting surface soil temper- 
ature or causing injury to the parent trees. 

Ini ury - Large numbers of primordia on 
the roots of quaking aspen are often associ- 
ated with injury such as grazing, which may 
have upset the hormonal balance, such as a 
temporary decrease in auxin levels (Schier, 
1973a). Presumably, fire in an aspen stand 
could similarly upset the hormonal balance. 

Artificial Propagation 

The natural suckering habit of quaking 
aspen has stimulated a great deal of research 
in its vegetative reproduction by artificial 
means. Attempts have been made to perpetuate 
this species through hardwood or softwood 
stem cuttings, root cuttings, grafts, and 
tissue culture techniques. 

Tissue culture - The establishment of 
plants on artificial culture media, from 
small pieces of tissue from those plants, 


provides an opportunity for multiplication of 
individuals on a large scale within a small 
area. It also provides a supply of genetically 
identical material for study under closely- 
controlled conditions. The development of 
callus tissue is usually a precursor to the 
development of a new plant by these culture 
techniques . 

Mathes (1964) found that the growth of 
callus tissue obtained from stem segments of 
quaking aspen on a nutrient-base culture 
medium was improved somewhat with the addition 
of casamino acids or 0.5 ppm lAA, and it was 
more than doubled with the addition of 0.5 ppm 
NAA (naphthaline acetic acid) , Friable callus 
tissue, initiated from segments of root-sprouts 
of this species, has also been grown on a 2, 

4-D agar medium. Such tissue grew faster when 
subjected to occasional light than if grown 
continuously in the dark. And under 16 hours 
of light per .day, this tissue turned red in 
color (Winton, 1968a; 1968b) , suggesting the 
presence of some photoresponsive pigment. 

Callus tissue of quaking aspen root- 
sprout origin has produced roots when the 
tissue was transferred to an agar medium 
following one to three months in a liquid nu- 
trient medium (Winton, 1968c) . Ultimately, 
after two years of development on artificial 
media, multiple stunted shoots and a few 
vigorous shoots have been obtained, and the 
new plants have become self-sustaining in a 
semi-sterile soil (Winton, 1970) . 

Grafts - Relatively little grafting has 
been attempted in quaking aspen. One example, 
however, is the bottle graft. In this tech- 
nique, branches bearing flowers are placed in 
jars of water in the greenhouse and are united, 
in a manner of an approach graft, with the 
stem of a potted seedling of the same species. 
When the union is complete, the base of the 
scion is pruned off close to the union pro- 
ducing a ”dwarf tree'* which may continue to 
flower for several years (Pauley, 1949) . Such 
grafting of male and female parts to form a 
single "dioecious plant" could provide unique 
material for genetic study. 

In another example, success has been 
reported in the grafting of quaking aspen 
scions onto short, unrooted cuttings of 
balsam poplar or willows. The latter stock 
roots easily, and later, the aspen scion also 
roots (Strothmann and Zasada, 1957). 

Stem cuttings - Most members of the 
genus Populus , especially the balsam poplars 
and the cottonwoods, are easily propagated 
by the rooting of stem cuttings, but quaking 
aspen is difficult to propagate in this way 
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(Maini, 1968a; Sekawin, 1969). Factors affect- 
ing the variable success are discussed below. 

Root cuttings - Whereas, the rooting of 
quaking aspen stem cuttings is generally 
difficult, greater success has been achieved 
through the use of root cuttings in different 
ways (Barry and Sachs, 1968; Starr, 1971; 

Zufa, 1971): 

1. Suckers with intact roots have been 
lifted from stands and used as 
transplants. 

2. Roots of a known tree have been used 
directly as root cuttings. 

3. Softwood stem cuttings from sucker 
sprouts taken from root cuttings 
have been subsequently rooted. 

Factors affecting propagation by stem or root 
cuttings 

A number of factors are known to affect 
the success of rooting of stem cuttings taken 
from sucker sprouts and other branch material 
or of root cuttings, under greenhouse and lab- 
oratory conditions. These include soil medium, 
temperature, time of collection of root cut- 
tings, length of storage prior co planting, 
and hormones. In addition, a great deal of 
variation in success exists among clones. 


Soil medium - Various media have been 
used successfully for propagating root or 
stem cuttings, including vermiculite, perlite, 
sand, and soil, as well as combinations of 
these. When comparisons are made, variable 
results are obtained. For example, Sekawin 
(1969) felt that sand was less favorable 
than other media, but other workers found 
sand and 1/2 sand - 1/2 soil to be superior 
to soil 'alone (Starr, 1971). Root cuttings 
resuire aeration, however; in saturated or 
flooded soil, the cuttings decay (Maini, 


Temperature - Under natural conditions, 
sucker initiation is apparently favored by 
an increase in soil temperature occasioned 
by cultural practices. Similarly, under 
controlled conditions, Maini and Horton 
(1966b) found that maximum numbers and max- 
imum growth of suckers from root cuttings 
occurred at 74® F (23° C) , declining grad- 
ually above and below that temperature, 
within the range of 58° F to 95° F (14° to 
35°C studied. Zasada and Schier (1973) found 
that a maximum/minimum temperature regime of 

decidedly poorer than either a 
25 /15 C or a 30°/20° C regime in the number 
of suckers produced from root cuttings. 
Sekawin (1969) also reported that the optimum 
temperature for the rooting of stem cuttings 
is between 20° and 30° C. 


Time of collection - T1 h‘ date on which 
root cuttings are taken affects the number 
and size of suckers produced, but results 
have been variable. On the one hand, Starr 
(1971) obtained similar numbers of suckers 
on root cuttings from four different collec- 
tion dates between June and September, 
slightly higher than average In June. Zufa 
(1971) found that root cuttings planted in 
the fall began suckering 25 days later, and 
the 2- to 4-day-old suckers rooted 84 per- 
cent. Wtiereas, roots planted in the spring 
began suckering in 12 days, but only 48 
percent rooted, Zasada and Shier (1973) also 
found that the date of collection had a sig- 
nificant effect on the numbers and dry 
weights of suckers per root cutting from three 
Alaska clones. On clone produce.d its great- 
est number of suckers from roots collected 
in June, the other two from roots collected 
in August or October. 

Hormones. - Considering the principle that 
growth regulators arc trims-Iocated within 
the plant and apparently affect sucker and 
root initiation, it is not surprising that 
their use would be attempted in promoting 
the rooting of stem cuttings. Ordinarily, 
low levels of klnitin (6-furfur-aroinopurina) , 
a DNA derivative, and high levels of auxin 
(indoleacetlc acid) induce root formation; 
reverse levels induce bud formation. How- 
ever, the effect of auxins in complicated and 
variable, the optimum of their concentration 
being very narrow. Furthermore, the presence 
of inhibitors and their disappearance at the 
time of flushing seems to have an important 
function (Sekawin, 1969). 

Snow (1938) obtained up to 65 percent 
rooting of cuttings from one-year-old quaking 
aspen stump sprouts, if they were treated 
with 10 milligrams per liter of IBA indole- 
butyric acid) for 27 hours . Maximum rooting 
was obtained if cuttings were taken Just 
before bud burst in spring. Barry and Sachs 
(1968) found that greenwood cuttings of quak- 
ing aspen taken from bud burst to mid- July 
rooted in varying degrees, depending on the 
collection date and on the concentration of 
IBA applied. High concentration (0.3 to 0,8 
percent) stimulated rooting in April and May, 
whereas lower concentrations (0.1 percent) 
stimulated rooting in July. A sharp drop in 
rooting in June was correlated with rapid 
stem elongation on the donor trees. 

Application of gibberellic acid (GA ) in 
five different concentrations reduced the 
time of initiation and the number of suckers 
initiated on roots possessing few visible 
primordia. But it stimulated sucker outgrowth 
previously possessed large, 
visible primordia. Thus, GA^ may interfere 
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with the first stage of adventitious shoot 
development, namely, meristem development 
(Schier, 1973c). 

Clones - Clonal variation in the rooting 
of stem cuttings and in the development of 
suckers from root cuttings is frequently 
documented; it may be an interacting effect 
with date of collection (see above). 

Strain (1964) found that root cuttings 
from two quaking aspen clones only 12 
minutes of longitude apart differed in 
numbers and patterns of shoots produced. 

Based on field observations, reciprocal field 
garden tests, and commoia greenhouse studies. 
Strain pointed out that the aspen root cut- 
tings taken from a clone on an exposed site 
had a higher potential for vegetative re- 
production than cuttings from a non-exposed 
site clone* Barry and Sachs (1968) collected 
stem cuttings from several clones in the 
Sierra Nevada of California and in the Sierra 
de San Pedro Martin of Baja, California. 

None of the Sierra Nevada clones rooted, re- 
gardless of the IBA solution or Hormodin 
powder treatment applied, whereas hardwood 
cuttings taken in April from the Sierra de 
San Pedro Martin clone rooted 100 percent in 
all treatments. Main! (1967) found variation 
in the number of suckers and the date of 
initial suckering on root cuttings from four 
clones at 60, 75, and 85® (16, 24, and 29® C) 
but not at 95® F (35® C) . 

Moisture - Prevention of desiccation of 
either stem or root cuttings during propa- 
gation is prerequisite to success. An inter- 
mittent mist spray, maintaining an atmospheric 
relative humidity of about 80 to 90 percent 
(Sekawin, 1969) Is coimoaon among investigators. 

Nutrition - The metabolism of phosphorus 
and nitrogen and the C/N ratio seem to have 
an influence on the rooting of cuttings: 
while phosphorus stimulates rooting, nitrogen 
hinders it (Sekawin, 1969). 

Age of the wood - Barry and Sachs (1968) 
stated that age of the wood is the most im- 
portant factor affecting the rooting of quak- 


ing aspen stem cuttings. Rarely is any suc- 
cess obtained on wood more than one year old. 

Polarity - The number of suckers and buds 
formed on the proximal half of root cuttings 
is greater than that on the distal half of 
10-cm-long segments. But new roots origi- 
nated toward the distal end of the cuttings. 
This polarity is independent of light and 
gravity (Maini, 1968b). And Schier (1973a) 
found that vascular traces in all root seg- 
ments studied turned toward the distal ends 
of the cuttings presumably because auxin is 
polarly transported toward the root apex. 

Summary 

In summary, quaking aspen is characterized 
by a pronounced capacity to form suckers from 
roots near the soil surface from pre-existing 
or currently-produced primordia. Sucker for- 
mation is normally released when the root 
system is severed from the stem. In the 
intact plant, suckering is partly or com- 
pletely suppressed, presumably by factors 
active in apical dominance. There is 
evidence that auxin is important in inhibi- 
tion of and formation and growth of suckers 
on aspen roots. An attractive hypotheses: 
auxin produced in the actively-growing shoots 
is translocated into the roots where it pre- 
vents sucker formation. When the aerial 
parts of the plant are removed or injured, 
root suckering is released as a response to 
lowered auxin concentration (Eliasson, 1969; 
1971b) . Sucker formation is initiated only 
under suitable temperature conditions (Maini 
and Horton, 1966b), and high light intensity 
is necessary to maintain the growth of new 
suckers (Sandberg and Schneider, 1953). 

Artificially, quaking aspen can be pro- 
pagated by several means, but most consistent 
success is obtained through the use of root 
cuttings. Most vigorous sucker production is 
obtained, if the cuttings are taken just prior 
to leaf flush, presumably before auxin inhi- 
bitors have been translocated to the roots. 
These suckers may then be severed and sepa- 
rately rooted. 
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FIRE FEATURES OF QUAKIHG ASFFJ STAMfIK 


Introduction 


Quaking aspen is an abundant species on 
many mountain sites in the West because of 
its response to forest fires. As an individ- 
tree, aspen has very low tolerance to the heat 
of a spreading fire, so mortality is usually 
high after a wildfire. A stand of aspen can 
be considered extremely tolerant to fire, 
however, and is almost certain to retain and 
even extend its range following fire. It is 
known as a ”fire type,” i.e., a species 
favored after fire because: 

1. its roots are seldom damaged by fire; 

2. the heat of the fire actually stimu- 
lates the generation of root suckers; 


3. most importantly, aspen stands usually 
do not support rapidly spreading or 
Intense fires. 


^ occupies a wide variety of 

sites, the condition of the trees in a stand 

the strf material beneatb 

the stand, and hence the flammability, are 

deciduous, aspen's 
^ changes with the season, 
stands are overmature, with the 
area characterized by moderate dead fuel 
volumes, standing snags, and open areafof 
brush or grass that present a potential for 
moderately high rates of fire s^Sd Sd re- 

Sriftrs^ is tL 

fnZi. ^ J'o ladder 

SuLfSs''nofr°“ flammability and its 
causes has not been quantified or comorehen- 

.ively dl.cu.,.d i„ th. llceratur.? ;rL 
well known on what sites or at what ages o^ 
«d« .h.t oo»aitio„, 1. 


ous forests have been ofseSeTto°2ie ^t ' 


with lltfU- u, no nuj.|.ronnio,i .„•( ion in asnen 
Htaiids. In ti.iijihln, Jlj'rmon uttou .ittaok 
flanks «f Sntvum- wthltlr.-. hnniiim in -spruce 


--‘n r' 1^ 

qiwntirscul.m ol iho mtofnincHs 
of itspcn iiM ti hn*litr«-fik t-.in h«* .irlslcvod if 
general l*i»t Ions «ro matUs A fuolhivnk of 
some kind might 1 h« connldotod whorover {iicls 
are highly f I attmah 1 »• and runt Inuonn, and 
where a high risk nt Ji,,. ignition exlotts. 

Two examplea «f auch « nit n.it lt»n .ire denMc 
«tand« of hulgeptili. pjn,. „j Njirnce-fir asso- 
clailona on hu<v\> topogr.iphv rtround recrea- 
tional or renldntt Inl fnnmmnlt |,.m in the 

can be dwacribed an tnel mudei tt in the 
National Plre Danger Hating Sy„,,.„ (0«.mlng, 

■■■ .» f ftm meful «nd«r 

extreme burning condiclonM, i.e.. low fuel 

TO«««tr' '«'d cured hurbaecous 

vegetation. Under the worwt poaalhle con- 

ditlona, iuei model U in the NFim ays t«ni would 

yield « spread CGw^mtmn (S€) of 13 . m 

component (KRC) of H5. and a 
««***’*■ same 

fNFDK f**’’*’" before leaf fall 

(^IFM fuel miHiei would liiive ii ipr«d 

eomponant of «, an energy release component 

bLnturf A ‘"***'* ‘‘f 27- Since the 

to the effort 
f “ fir**. It can be 

roughly estimated that the flamawblHty of 

on!.h!?f.r^"f I* le«« chan 

eomno*(^ ^ «<ljAcent coolfers. By 
brS 5 ^^'*“**^ **'=>' l« a Krasa fud- 

ia ^ «no-half chat of aapen, 

as measured by burning Index (Table 1), but 
tire spread would be much greitter. 

nor.«^ l«Portant factor In evaluating the 
L8sihnL*^°\ ^*’^**’ conflagrationa In the 

Creos will 

combustion, causing dls- 
fruatr^M*'^”?: ‘'**‘*’ energy relcaao and 

in ^**^5 control effort h. Studies 

oerenr forestu have «h»wn tlwc 34 

arrival f crowitlng upon 

ci^*aia I*' suppression forex^s spread to 

Mathlir J*’’®**' (BarrowH, 1951). 

available for 

estimating the rate-of-spread of fires in 
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Table 1 - Comparison of Burning Index (BI) , 
Energy Release Component (ERC) , 
and Spread Component (SC) in Three 
Fuel Models of the National Fire- 
Danger Rating System (Deeming, et 
al, , 1972) Under Extreme Burning 
Conditions. 


Fuel 

Type 

Model 

SC 

ERC 

BI 

Dense 

Conifer 

G 

13 

85 

58 

Aspen 


H 

8 

34 

27 

Grass 


A 

100 

19 

12 


surface fuels (Rothermel , 1972). In the 
absence of similar teciuilques for calculating 
the mathematical probability that a fire will 
crown It is necessary to use other methods 
for evaluating this factor. Analysis of 151 
crown fires showed the following general fuel 
characteristics (Barrows, 1951 ) : 

Percent 
of Crown 
Fires 

Dense coniferous forests wUii 38 

large volunu* of surface fiufls 

Dense coniferous fort^sts witli 30 

small vol\ime of surface fuels 

Open coniferous forests with 32 

large volume of surface fuels 

Other observations by fire experts have 
provided a general ordinal ranking of crown- 
ing potential (Fahnestock, 1970). This 
schcmie ranks the crowning potential of var- 
ious forest stands oti a scale of 0 to 10. 

The dense conifer stantls described above are 
ranked 7 to 9. Tlie crowning potential of 
aspen stands is ranked near 0. 

Fire experience has sliown that crown 
fires drop to the ground when they reach 
quaking aspen stands, and prior to autumn 
leaf fall, fire spreads only a short distance 
in stands of this species. For example, on 
the Jefferson Lake Fire ('Pike National For- 
est, Colorado) In July, 1974, fire spread 
ceased within four meters after entering the 
aspen from other fuel types. The Jefferson 
Lake Fire Is an excel li*nt example of the 
potential of aspen fuel breaks. The trees 
along tlu* edge of the aspen stands did 
have the crown destroyc^d by the intense heat 
of the fire (Figure 5) but thet firti was 
brought down to the ground. Once, on the 
ground the fire was stopped without any con- 
trol activities by man (Figures 6, 7, 8). 

The Wisconsin Department of Natural Resources 
is presently establishing 1/4 mile wide hard- 
wood fuel breaks In connection with timber 
sales (Johnson, 1974), 



Figure 5. — Aspen crown destroyed by intense 
heat of fire. 



Figure 6,“*Aspen, a natural fire line. 


Fire Analysis 

The historic records of forest fires 
in Colorado provide valuable information on 
the occurrence and general behavior of fires 
in a variety of forest types. Analyses of 
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Figure 7.--Grouncl fire stopped after burning 
3 meters into a stand of aspen. 


these records permit comparisons of fire 
performance in aspen and other forest types. 

One of the earliest references to 
aspen and its resistance to fire is found 
in the report of a 1929 burn that occurred on 

Sv Mountain National 

i'ark CU.S. National Park Service, 1916-1974), 
This burn, known as the Butterfly Fire 
occurred on June 24, 1929, and swept over 
some 72 acres of lodgepole pine and aspen. 

The report states: "The fire progressed 
mainly in the pines, going around the stands 
o aspen. Recent fire ecology studies of 
the burn show the continued growth of aspen 
on the site (Clagg, 1975). ^ 

rho individual fire reports prepared by 

the U.S. Forest Service provide exteLive ^ 
data on fire characteristics. Computer 
aided analysis have been made of 4590 fires 

durlnrtL'^?A''^® National Forests of Colorado 
during the 14-year period 1960-1973 (Ryan 

and Barrows, 1975). The available data per- 
mits stratification of each fire according 
to the prevailing forest cover type at the 
site (Tables 2 and 3). m the fiL Sport- 
ing system for the National Forests all 
fires in deciduous species are grouped in a 
single forest cover type classification. 
Virtually all of the fires reported in the 
deciduous type are in aspen. The only ex- 
ception may be an occasional fire in cotton- 
wood or willows. We have concluded that our 
studies of 215 fires listed on fire reporS 
ccurring in the deciduous cover type 

accurate description of aspen 


Fire Occurrence 

During the l%C)-ni71 iwrUnl, in the 
Coloriido Hntioni'il FareMl’Ui 21*) uf n of 

4590 flroH or 4.7 porctnu orcurri-.l in deciduous 
(prlnuirlly aHpen) furcsiM (T.ihlc 2). in com- 
parison to chti coniferous forests .tntl to the 
brush and grass cover type's fire ticcurrcnce 
in aspen is very low. Fires In conldorous 
forest.s ttccounted for Hi. 6 p«*rc»‘nt and those 
in brush and grass for 9.9 percent of the fire 
ignitions. 

In examination of fire Ignition rates for 
various forest cover types, It is CKsentlal 
to consider the source of Ignition and in turn 
the general character of the fire igniting 
brand, A apeclal study In the Front Riinge 
ational Forests showed that fires in aspen 
stands were 84 percent man-caused and only 
16 percent lightning-caused. The average 
annual ignition rate per million acres for 
aspen was 9.7 man-caused fires and 1.9 
lightning fires. Aspen stands were the least 
ignitable by lightning of any Colorado forest 
cover t^e. The nutn-caused Ignition rates 
were slightly higher in aspen than in spruce- 
tir and ptnyon- juniper types (Table 4), 

^ fire occurrence In aspen 

foen Colorado national forests during 

1960-1973 showed ignitions in every month 
except February. The total annual average 
lire occurrence In aspen for all ten national 
rorests was less than two fires per month for 
very nwnth except July, August, .and October, 
ine peak ignitions during these months pro- 
oaoiy reflect combinations of severe fire 
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Table 2 Fire occurrence by Forest Cover Type and Size 
Class, Colorado National Forests, 1960-1973. 
(Basis 4590 Fires) 


Forest No and 

cover type percent 



Size class of fire 


Total 

A 

B 

C 

D 

E 

F 

Deciduous // 

161 

40 

12 

2 

0 

0 

215 

(pr imari, 1 y 








aspen) Z 

74.9 

18.6 

5.6 

0.9 



4.7 

Pondero^Kl 

1462 

425 

27 

1 

2 

1 

1918 

pine 

76.2 

22.2 

1.4 

0.1 

0.1 

0.1 

41.7 

Lodp.epo 1 e // 

391 

80 

7 

4 

2 

1 

485 

p 1 lie ... 

80.6 

16.5 

1.4 

0.8 

0.4 

0.2 

10.6 

Spruce 

511 

63 

13 

4 

3 

1 

595 

iir 2 

85.8 

10.6 

2.2 

0.7 

0.5 

0.2 

12.9 

I)ouy;las“*nr 

341 

50 

5 

1 

0 

0 

397 

Z 

85.9 

12.6 

1.3 

0.3 



8.6 

Subalpliu' f ir # 

252 

26 

3 

1 

0 

0 

282 


89.4 

9.2 

1.1 

0.4 



6.1 

Piny cm 

130 

19 

7 

2 

2 

0 

160 

Juniper * 

m 

B 1 . 3 

11.9 

4.4 

1.3 

1.3 


3.5 

Total 1 

3087 

663 

62 

13 

9 

3 

3837 

conifers 

m 

80.5 

17.3 

1.6 

0.3 

0.2 

0.1 

83.6 

Heavy bruiih # 

46 

30 

7 

1 

0 

0 

84 

t 

54.8 

35.7 

8.3 

1.2 



1.8 

GrasH — II 

280 

131 

37 

6 

0 

0 

454 

sage ^ 

61.7 

28.9 

8.1 

1.3 



9.9 

Total brush ^ — • 1 

m 

161 

44 

7 

0 

0 

538 

grass ^ 

60.6 

29.9 

8,2 

1.3 



11.7 

Total § 

3574 

864 

118 

22 

9 

3 

4590 

all types ^ 

78.0' 

18.8 

2.6 

0.5 

0.2 

0.1 
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Table 3. Analysis of Area Burned and Uc urreiu-f 
of Class C or Larger Fires by Finest 
Cover Types in Colorado National 
Forests, 1960-1973. (Basis .'tSW fites) 


Subalpine fir 313 


Pinyon — 
juniper 


1606 


Forest 
cover type 

Total acres 
burned 

Percent of total 
acres burned 

Average aeren 
burned per fire 

Penn in of ”f ir«.K 
tv|H\ itlas,-; t’ ur 
larg«*r 

Deciduous 

(primarily 

aspen) 

766 

3.93 

3.563 

h . H 1 

Ponderosa 

pine 

4966 

25.49 

2.489 

1.07 

Lodgepole 

pine 

4813 

24.70 

9.924 

2.89 

Spruce — 
fir 

3605 

18.50 

6.059 

i.')3 

Douglas-fir 

525 

2.69 

1.322 

K5I 


1.61 


8.24 


1.110 

10,037 


1.42 


6.87 


Total 

conifers 

15,828 

81.24 

4.125 

2.27 

Heavy 

brush 

365 

1.87 

4.345 

9.52 

Grass — 
sage 

2525 

12.96 

5.562 

9.47 

Total 
brush — 
grass 

2890 

14.83 

5.372 

9.48 

Total all 
Types 

19,484 


4.245 

3.31 


Inf conditions for aspen leaves 
and surface vegetation and human fire-clusln. 
activity. The tntai ^ causing 

by month durine °'=<="’'rence in aspen 

follows: ® as 


January l May 19 September 18 

February 0 June 24 October 48 

rch 1 July. November 1 

April 8 August 45 December 7 
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Table- 4. Number of Fires Per Million Acres By Cause 
and Forest Cover Type, Colorado Front Range 
National Forests, (a) 1960-1969. 

(Basis 1573 fires) 


Kori-iU foviT 

t yi".‘ 

Lightning 
f 1 res 

Man- caused 
fires 

Total 

fires 

1)(M' id nous (pr imar i ly 



aupcu) 

1.9 

9.7 

11.6 

Ptindurosa piuu 

81.9 

50.1 

132.0 

LiKigcj'uUi* pine 

8.3 

14.4 

22.7 

Sprue — fir 

4.1 

9.2 

13.3 

Doug 1 an- f 1 r 

25.5 

15.9 

41.4 

OtluT f^vt-r 




lyiH-s <h) 

3.6 

8.6 

12.2 

Ttu.al all 



typcH 

13.0 

13.9 

26.9 


(ii) Ariipiiho, Plkts Rio Grande, Roosevelt and San Isabel 
National Forests. 

(b) Fluvon- luulper , Heavy-brush, Grass-aage and Sub-Alpine 

typoH. 


Size Class of Fire 

The potential for firea to spread to 
large slzeii provides one means for evaluat- 
ing fuel f liiOTfMibil Ity In various forest cover 
types. In Colorado nailomil forests 78.0 
percent of the fires in nil eovi*r types spread 
to lens than one-fourth acre in size (Class A) 
during the I%a-I971 study period (Table 2). 

In conife^rous f«u*estH tin* siwillest percentage 
of fires spread beyond Class A size while 
the largest percent agt* was In brush-grass 
cover types. Flren in aspen stands were 
between these two ext remits. These figures 
reflect potential Initial rates-of-f ire spread. 
Fires In cured vegetation iind dry leaves de- 
posited to the ground from deciduous trees 
may be expected to have higher Initial rates 
of spread chan In the nhaded duff and light 
litter fuels of coniferous forests# 

Fires In aspen stands have limited poten- 
tial to spread to sizes of than 100 acres 

(Class D or larger). In the national forests 


of Colorado only 2 aspen fires reached Class 
D size during the 1960-1973 period. None of 
the 12 fires greater than 300 acres in size 
were in aspen. The average annual occurrence 
rata of Class D or larger fires per million 
acres in aspen stands is 0.30 as compared to 
0.43 for all other cover types. All of the 
larger fires in aspen (both Class C and D) 
occurred in August or later in the year. 

Area Burned 

Our studies showed that 766 acres were 
burned in aspen stands during the 14-year 
period. This is 3.93 percent of the total of 
19,484 acres burned during the period in 
Colorado national forests (Table 3). The 
average size per fire was 3.56 acres in aspen 
as compared to 4.12 acres in coniferous 
forests and 5.37 acres in brush-grass types. 
The average annual area burned per million 
acres was 28.2 acres in aspen as compared to 
157.9 acres for all types. Aspen has the 
lowest acreage burned per unit area of any 
cover type in the Colorado national forests. 
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Fire Analysis Summary 

The overall analysis of fires shows that 
aspen has a relatively low fire potential in 
comparison to other cover types in Colorado* 
Lightning fire ignition rates are the lowest 
of any forest type and overall ignition rates 
are less than half the rate for all cover 
types. Moderate fire spread rates are pos- 
sible in some aspen stands especially when 
cured and dry conditions occur in leaves and 
understory vegetation. Low surface fuel 
volumes and the absence of crown fire poten- 
tial make high energy fires unlikely. Some 
exceptions to these factors may occur in old 
aspen stands containing larger amounts of 
dead and downed fuels. Site factors, 
limited areas of large and continuous stands 
and low to moderate levels of fuel flam- 
mability restrict the probability of large 
fires developing in aspen stands. It should 
be emphasized, however, that unsuppressed 
fires in aspen can spread into other cover 
types having a higher potential for burning 
large areas. 


Fuel Break Specifications 
and Recommendations 

The use and management of aspen stands 
ror fuel break purposes appears to be a 
promising opportunity on selected mountain 
sites in Colorado. As aspen fuel break 
program should involve the management of 
natural stands and the propagation of new 


In Coloratlu iiiimiil.iin amiiirv^ tual breaks 
can best aid flrv tirMtiny. \/uvn lovati^l' at or 
near the base of alon.e, rldra* ti>ps ’ 

along lateral ridgiss, in luw fiiiHuu,4*iu passes 
or saddles and at ii}a|i»r ehaiipj*?; frisn steeij 'to 
gentle topographv. lu :amiv sliuatlinis fuel 
breaks are usetui when huMteil in 1 middle 
of steep mount. i in nU^pen, Ktiel breaks at 
siic.h loc.it i tuih must Ih* I'xt lUif* i ve tti* prt,*v(*nt' 
fires from either rimning i lirough them or 
spotting over tlieiii. Intel breakr. ahmg roads 
in steep mmmtain ttipographv ium fac iHtate' 
fire suppress bin. Fuel breaks located 
around resorts, nsTeat iiu't areas, industrial 
sites and other ^areas having a high potential 
for man-caused H rer isui .serve both fire 
prevention and lire supprtsss ii>n ftincl Iouh. 


Width of Fuel Breaks 

In the design of tuel breaks, malor con- 
sideration must he giveti to the iriiical 
dimensions necessary lor Htopping tin* spread 
of a fire. The fire spread may iHuair by 
continuous advance through surlai’e fuels, 
crowning or spiitling ahead. Normally, fire 
spread is not expected to be fully stopped by 
the fuel break Itself. The f'tiel break pro- 
vides an tMivlnmnifiu tn mIow d.uni fire Hproad 
minimize Hpotiing and crown lag, iind facilitate 
are .supprefjsion. Ttic c«mplt*tc ntopplnp of 
fire spread In a fuel break almuHt always 
requires fire HupprcHslon action and mop-up. 
All of these are related to fuel 

break width. 


Legation of Fuel Breaks 


The location of fuel breaks requires 
consideration of fire ignition and behavior 
factors, characteristics of major fuel bodies 
in the area, value of resources and develop- 
ments to be protected, landscape aesthetics, 
soil and climate features of the site, topo- 
graphy and probability for enhancing specLic 
types of fire suppression operations. ^Ideally 
from a fire viewpoint, fuel breaks should 
serve one or more of the following functions: 


1. Provide an area of low fuel flam- 
mability at or near the sites of 
likely fire ignitions. 


2. Prevent initiating fires from spread- 
ing rapidly either to dangerous fuel 
and topographic situations or to hieh 
value sites. ° 


3. Provide an environment favoring appli- 
cation of suppression operations that 
will stop the spread of fires. 


It is not poHstblc to cNtttbllHl) « .stand- 
ard width for all fuel brt'aks. QuetU hmnulres 
and interview rusponHuM from fire control 
officers in Korost Service RoglonM I and 2 
revealed a wide variation In rtn-ommended fuel 
break dimensions- The concensus of opinion 
was that the width of the fuel break would be 
dependent on topography, flr«s potential of 
the area and the type of adjoining fuels, 
in general they recommended a width of 20 
to 100 meters. 


more specyic recommendations for the width 
span fuel breaks under a variety of 
needeg^nf^^v.f"'^!-^^®^ Situations. Tests are 

irfoif a u® "Fuel break width 

IS governed by interrelated factors of ( 1 ) 

surrounding 

burning characteristics of 
anf (3) steepness of slope 

a ® ^ hypothesis will be 

ments^Bnd requiring specific experi- 

ments and analyses of wildfire behavior. 
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Fuel Break Management 

Fuel brt'ak manajnamnU inviWven treatment 
of both natural asinni stands ,aud new stands 
propagated for firi‘ emit rol purposes. Many 
natural, stands may lu‘ loisittsl on sites where 
they can serve as lut*l hrisaks. These sites 
can be enhanced tlirough application of 
Kumagement t echn i <tui‘s . 

One of the most important management 
techniques for arquai stands is tin* timely 
application of prescribed fire. Reduction 
of surface fuel f laiiimahl I ity can be achieved 
through use of low Intensity fires. These 
fires can reduce accumulat icuis of light 
litter, dead limb wood and dry leaves. In 
addition, low Intensity prescribed fires can 


foster the continued propagation of aspen 
stands by stimulating the generation of root 
suckers. Management operations in older 
stands may also require the physical removal 
of standing snags. 

Newly propagated stands of young aspen 
may be vulnerable to fire. Mortality to 
small trees may be expected especially where 
there is an accumulation of surface fuels. 

For these reasons prescribed fire should be 
applied prior to operations for the propagation 
of new stands. 

A prescribed fire program should be 
initiated in selected aspen stands and at 
proposed sites for establishment of aspen 
fuel breaks in Colorado forests. 
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RESEARCH RECOMMENDATIONS 


The effect of quaking aspen stands in 
minimizing fire initiation, in bringing crown 
fires down to the surface, and in slowing and 
eventually stopping the spread of surface 
fires is well documented. Tentative recom- 
mendations for width and frequency of aspen 
stands for fuelbreaks are in the minds of 
rield personnel. 


Quaking aspen has been propagated 
successfully in the laboratory, and its 

successfully encouraged 

estabUsh. ^ potential for 

establishing new stands of quaking aspen on 


The following n-oomm.-mlat lonn are made: 

1. That rvHoaroh bo inklau-d on the 
artltlcial i-Htab ! iHhniont uf quaklne 
aspen stands as fuelbreakH. 

2 . Ihat such research continue for no 
less than three years and consist of 
both laboratory-KrccnlnnuH* and field 


3. That collection ot tmitcrial iur pro- 
pag.Ttion in mich research he widely- 
spread as to altitudinal elone source. 

4. That Held experiments and wildfire 
analysis he perforiiufd to establish 
specifications for widths and loca- 

t iotiH of fijtfl brortkn*. 

5. That prescribed fire research be 

nitlated to CHtahlish and test fire 
management Ruldellnes for aspen 
scand.s. 
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